ABSTRACT : A combined experimental and theoretical studies were conducted on the molecular structure and vibrational, spectra of 1,3,5-tribromo-2,4,6-trifluoro-benzene(TBFB). The FT-IR and FT-Raman spectra of (TBB)were recorded in the solid phase. The molecular geometry and vibrational frequencies of TBB in the ground state have been calculated by using density functional methods ( 
correlations were performed at B3LYP/6-311G++(d,p).
II. EXPERIMENTAL WORK
The pure compound 1,3,5-tribromo-2,4,6-trifluoro-benzene was purchased from Lancaster chemical company U.K., and used as such without any further purification. The room temperature fourier transform infrared (FTIR) spectrum of the title molecule was recorded in the region 4000-400 cm -1 at a resolution of 1cm -1 using a BRUKER IFS 66V FTIR spectrophotometer equipped with a cooled MCT detector. Boxcar apodization was used for the 250 averaged interferograms collected for both the samples and background. The FT-Raman spectrum was recorded on a computer interfaced BRUKER IFS model interferometer, equipped with FRA 106 FT-Raman accessory in the 3500-50 cm -1 stokes region, using the 1064 nm line of Nd:YAG laser for excitation operating at 200mW power. The reported wave numbers are believed to be accurate within 1cm -1 .
III.COMPUTATIONAL METHODS
DFT-B3LYP is adopted using 6-311G++(d,p) as basis set to give complete information concerning the structural characteristics and the fundamental vibrational modes of the title compounds. The calculations of geometrical parameters in the ground state are performed using GAUSSIAN 09W [9] program. The first hyperpolarizability, HOMO-LUMO and ESP analyses under various electric fields, NBO analysis are carried out by B3LYP/6-311G++(d,p) method. The thermodynamic functions such as entropy, enthalpy and the heat capacity are investigated for the different temperatures. Molecular structure is specified in Fig 1. But the geometrical parameters such as bond lengths, bond angles are the important factors in Table 2 Definition of internal coordinates of 1,3,5-tribromo-2,4,6-trifluoro-benzene.
No determining the electronic properties of the molecules that are listed in Table 1 . This study explains the internal coordinates for TBFB ( Table 2 ). The non-redundant set of local symmetry coordinates are constructed by linear combinations of internal coordinates using Table 3 for TBFB.
IV.RESULTS AND DISCUSSIONS IV.1. Molecular geometry The molecular structure of TBFB belongs to C 1 point group symmetry. The molecule consists of 12 atoms and expected to have 30 normal modes of vibrations of the same a species under C 1 symmetry. These modes are found to be IR and Raman active suggesting that the molecule possesses a non-centrosymmetric structure, which recommends the TBFB for non-linear optical applications. Schematic view of the reaction pathway from 1,3,5-tribromo-2,4,6-trifluoro-benzene monomers to dimmers structure is specified in Fig 2. 
IV.2. Vibrational assignments
The spectral analysis of title compounds is done by DFT/B3LYP method using the basis set 6-311G++(d,p). The FT-IR and FT-Raman spectra of the title compounds are figured out in Figs.3, and 4 respectively and the theoretical and experimental fundamental modes of vibrations of TBFB are presented in Table 4 , respectively. 
Carbon vibrations
The aromatic ring carbon-carbon stretching modes are expected in the range from 1650 to 1200cm−1. The observed peaks of TBFB are 1805,1776,1763,1758,1741,1623 cm-1 are recognized as the C-C stretching modes, respectively [10, 11] . All the bands lie in the expected range when compared to the literature values. These observed frequencies show that, the substitutions in the ring to some extend affect the ring mode of vibrations. The comparison of the theoretically (Positive field and negative field) values are good agreement with B3LYP/6-311++G(d,p) method. The in-plane and out-of-plane bending vibrations of C-C group are also listed out in the Table 4 for TBFB.
C-Br Vibrations
The vibrations that are belonging to the bond between the ring and the halogen atoms are worth to discuss here, since mixing of vibrations are possible due to the presence of heavy atoms on the periphery of the compound [11] . C-X bond show lower absorption frequencies as compared to C-H bond due to the decreased negative field and increase in positive field. Further, Br causes redistribution of charges in the ring. Bromine compounds absorbed in the region 650-485cm -1 due to the C-Br stretching vibrations. In C-Br stretching vibrations are observed at 528,512,502 cm -1 in the IR spectrum for TBFB, and for IR and Raman spectrum 684 cm -1 and 670,631 cm -1 are assigned for TBB. The observed C-Br in-plane-bending and C-Br out-of-plane bending modes show consistent agreement with Positive field and negative field.
CF vibrations
In the vibrational spectra of TBB, the bands due to the CF stretching vibrations may be found over a wide frequency range 1360  1000 cm 1 [11] , since the vibration is easily affected by adjacent atoms (or) groups. In the present investigation, the FTIR and FT-Raman bands observed at 1299, 1283, 1270 cm 1 and 1298, 1282 cm
1
have been assigned to CF stretching modes of vibrations. The CF in-plane and out-of-plane bending vibrations are observed at 1259, 1237, 1204 cm 1 in IR and 212, 169,145 cm 1 in Raman, respectively. Theoretical Positive field and negative field showed excellent agreement with recorded spectrum.
V. HOMO-LUMO ENERGY GAP AND RELATED MOLECULAR PROPERTIES
The analysis of the wave function is mainly described by one-electron excitation from the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital. The HOMO-LUMO analysis of these two compounds is done at B3LYP/6-311++G(d,p) level of theory for the zero field and fields of 0.05, 0.15 and 0.25 VA -1 . Fig. 5 illustrates the orbital distributions of HOMO and LUMO levels of the title compounds for the zero field and biasing steps of 0.05, 0.15 and 0.25 VA -1 . HOMO is delocalized mainly on ring carbons; the Fluorine of bromine also takes part in the formation of HOMO of TBFB for zero field. The strong electron withdrawing group HBr of phenyl ring attracts the charge density while on other hand electron donating group bromine is attached on left hand of TBFB which would strengthen the donor ability. Hence LUMOs are distributed on the phenyl ring. In TBFB, HOMO is delocalized mainly on ring carbons and there is no distribution of HOMO on bromine of phenyl ring [12] . The values of HOMO energy, LUMO energy and HOMO-LUMO energy gap are used as an indicator of kinetic stability of the molecule. They are nearly same which shows that substituted bromine and Fluorine would have no effect on the title compounds. When the field increases (0.0 -0.20 VA -1 ), the HOMO-LUMO gap (HLG) extensively decreases from 0.0409eV to 0.1789 eV for of 1,3,5-tribromo-2,4,6-trifluoro-benzene, respectively (as shown in Table 5 ). This large decrease in the HLG implies that the possibility of having reasonable conduction through the molecule, hence the conductivity increases with decreases in HLG. VI. NBO ANALYSIS NBO analysis gives information about interactions in both filled and virtual orbital spaces that could enhance the analysis of intra-and intermolecular interactions. The larger the E (2) (energy of hyperconjugative interactions) value, the more intensive is the interaction between electron donors and electron acceptors, i.e. the more donating tendency from electron donors to electron acceptors the greater the extent of conjugation of the whole system. Delocalization of electron density between occupied Lewis-type (bond or lone pair) NBO orbitals and formally unoccupied (anti-bond or Rydberg) non-Lewis NBO orbitals correspond to a stabilizing donor-acceptor interaction. NBO analysis has been performed on the title molecule at the DFT level in order to elucidate the intramolecular, re-hybridization and delocalization of electron density within the molecule. These interactions can reveal the electron transfer (hyperconjugative effect) between the orbital localized in these atoms. NBO analysis is carried out for the most stable form of the title compounds by DFT/B3LYP method using the basis set 6-311G++(d,p). The interaction energies between donor and acceptor orbital for both compounds are shown in Table  6 , respectively. By analyzing these data, an effective energy interaction between the lone pair LP(2)Br9 π -antibonding orbitals of (C1 -Br7) bond is observed in the compound. This implies that an electron transport from nitrogen LP to antibonding orbital (hyperconjugative effect) [13] . The electron donation from the LP(2) Br11, LP(1) F10 to the anitbonding acceptor π*C3 -C4, π*Br9-C3 is observed which leads to moderate stabilization energy in the compound as shown in Table 6 . 
VII. ELECTROSTATIC POTENTIALS
Analysis of electrostatic potential (ESP) derived from the deformation electron densities on the molecular surfaces was performed to highlight the effect of crystalline environment and also to point out the differences and the similarities between the two polymorphic forms. The construction of a three-dimensional ESP map plotted over the molecular surfaces from experimental charge densities clearly brings out the differences of electrostatic nature of the three forms (Fig.6-8) . The electropositive and electronegative surfaces are well separated in the forms. It displays a larger electronegative surface in ESP mapping. This is due to the conformational difference at the C-Br side chain and additionally due to the involvement of the π electrons of three bonded atoms C1-C2-F8 in C-F… π type of contacts and the presence of π ….π contacts. The electronegative surface is mainly seen around the Br atoms, which are involved in C-H…Br type of intermolecular contacts. However, the atom Br9 shown to have less prominent electronegative surface compared to other C atom in the structures. This is because the atom Br11 is not involved in any intermolecular contacts, whereas the corresponding atom in the C is seen to interact remotely with the neighbour molecule. The corresponding maps from the theoretical analysis revealed similar features. The ESP maps clearly emphasize the preferred binding sites to form the networks of interactions and also highlight the difference in nature of interactions [13, 14] . 
VIII. THERMODYNAMIC PROPERTIES
Based on the vibrational analysis at B3LYP/6-311++G(d,p) level and statistical thermodynamics, the standard thermodynamic functions; heat capacities (Cº p,m ), entropies (Sº m ) and enthalpies changes (Hº m ) are obtained at constant pressure for zero (monomer and dimer) and applied electric field in Table 7 . As seen from Table 7 , the standard thermodynamic functions increase with increasing temperature, due to the intensities of molecular vibration increase; it is observed that the entropy increases but the enthalpy and heat capacity remain constant. According to Boyle's law for gases, a molecule is compressed at constant temperature its volume decreases [15] . Due to decreasing volume, the number of possible sites that occupied by particles of the molecule may be restricted. Thus, the entropy tends to decrease with increasing pressure at constant temperature. This investigation will be helpful for the further studies of the title molecule. The correlation graph for zero (monomer) applied EFs are shown in Fig. 9 and the corresponding fitting equations are as follows: For 0.00 VÅ Table 7 Thermodynamic properties at different temperatures at the B3LYP/6-311++G(d,p) level for 1,3,5-tribromo-2,4,6-trifluoro-benzene. IX. ATOMIC CHARGES Atomic charges for molecule can be derived in multiple ways with a high level of convergence to the same values and only then, knowing the remaining uncertainty, are suited for molecular simulations.Mulliken charges arise from the mulliken population analysis [16] and provide a means of estimating partial atomic charges from calculations carried out by the methods of computational chemistry. Generally, Mulliken population analysis (MPA) and Natural Population analysis (NPA) methods are used to calculate the atomic charges of atoms in molecules. The difference of MPA charges distribution for zero and various applied EFs (0.2VÅ 1 ) are listed in Table 8 .The MPA charges of all C-atoms for zero fields vary from 4.249874a.u to -0.152586a.u for TBFB. When the applied field increases, the charge value decreases for C-atoms. The variations in MPA charge are small due to be systematic and almost uniform. 
X. NMR STUDIES The

13
C theoretical and experimental chemical shifts and the assignments of the title molecule are presented in Table 9 . The observed 13 C NMR spectra of the title molecule are given in Fig. 10 . Electronegative group can increase the electron cloud density of hydrogen, and then increases chemical shift. So, the chemical shift of C1 atom observed at 167.473ppm is calculated at 110.009ppm for B3LYP/6-311++G(d,p) levels, respectively. Due to the deshielding effect of electronegative Br7 atom, the chemical shift value of C2 is also shifted to the downfield NMR signals -39.8453and -152.158ppm, respectively. Aromatic carbons give signals with chemical shift values in the range 100-200 ppm. All of the aromatic protons are responsible for the peaks at the range of 158.93-114.20 ppm in observed NMR spectrum. The Br proton peak is calculated at downfield region of -39.8453and 127.53ppm for B3LYP/6-311++G(d,p) levels, respectively. This Experimental peak is observed at 8.141ppm in FT-NMR. From Table 9 , there is general correlation between the experimental and theoretical NMR chemical shift calculations, that is, theoretical values can replace the experimental ones for the title molecule. Table 9 The calculated shifts of carbon and hydrogen atoms of 1,3,5-tribromobenzene using B3LYP/6-311++G(d,p) GIAO method 
XI.TWO ROTOR PES SCAN STUDIES
Conformational analysis was performed to determine the stable conformers, thereby sampling points on the potential energy surface (PES). In this PES scan process, the potential energy surface is built by varying the F12-C6-C5-Br11 and C3-C4-C5-C6 dihedral angle from 0° to 360° in every 10°, while all of the other geometrical parameters have been simultaneously relaxed. The title molecule has several minima and maxima on the potential energy surface, and these minima and maxima are given in Fig. 11 The dark blue regions represent the more stable molecules with low total energy, while the dark red regions represent the unstable molecules with high total energies. 
CONCLUSION
The molecular structural parameters, thermodynamic properties and fundamental vibrational frequencies of the optimized geometry of 1,3,5-tribromo-2,4,6-trifluoro-benzene have been obtained from DFT calculations. The theoretical results are compared with the experimental vibrations. Although this types of calculations are useful to explain vibrational spectra of 1,3,5-tribromo-2,4,6-trifluoro-benzene, for DFT-B3LYP/6-311++G(d,p) level calculation methods. On the basis of agreement between the calculated and experimental results, assignments of all the fundamental vibrational modes of 1,3,5-tribromo-2,4,6-trifluoro-benzene have been made for the first time in this investigation. The electric field influence is noticed TED calculation regarding the normal modes of vibration provides a strong support for the frequency assignment. Therefore, the assignments proposed at higher level of theory with higher basis set with only reasonable deviations from the experimental values seem to be correct. NMR, NBO analysis have been performed in order to elucidate charge transfers or conjugative interaction, the intra-molecule rehybridization and delocalization of electron density within the molecule. The electric field influence is noticed in HOMO-LUMO gaps for 1,3,5-tribromo-2,4,6-trifluoro-benzene. The HOMO-LUMO gap extensively decreases from 0.0409eV to 0.1789 eV for 1,3,5-tribromo-2,4,6-trifluoro-benzene, respectively as the electric field increases. Thus the present investigation is providing the complete vibrational assignments, structural information and electronic properties of the title compounds which may be useful to raise the knowledge on phenyl derivatives. MEP study shows that the electrophilic attack takes place at the Br position of 1,3,5-tribromo-2,4,6-trifluoro-benzene.
